This study compared the influence of the Trendelenburg position on haemodynamics in non-anaesthetized spontaneously breathing healthy volunteers and anaesthetized, mechanically ventilated patients with ischaemic heart disease scheduled for coronary artery bypass graft (CABG) surgery. Placing the anaesthetized patients scheduled for CABG surgery in the Trendelenburg position resulted in a significant increase in cardiac output and mean arterial pressure and a nonsignificant decrease in heart rate. In contrast, in the non-anaesthetized healthy volunteers, heart rate increased significantly but both cardiac output and mean arterial pressure changed nonsignificantly. Further studies will be needed to evaluate the haemodynamics of the Trendelenburg position.
Introduction
Placing the patient in the head-down position was originally used by the surgeon Friedrich Trendelenburg to improve surgical exposure of the pelvic organs. The Trendelenburg head-down position became common practice in managing patients with hypotension and shock after World War I. 1 In the Trendelenburg position, central blood volume is increased by diverting blood from the lower extremities into the central circulation, which increases cardiac preload and cardiac output. 2 Although numerous studies have failed to show its effectiveness, 3, 4 the Trendelenburg position is still widely used in the out-of-hospital and hospital treatment of patients with hypotension and shock. Rapid change in the position of the patient during hypotension might improve haemodynamics and oxygen transport, minimize further injury and maximize resuscitation efforts. 5 The aim of the present study was to evaluate the influence of the Trendelenburg N Zorko, D Mekiš, M Kamenik Haemodynamic changes in the Trendelenburg position position on haemodynamics in nonanaesthetized healthy volunteers and in anaesthetized, mechanically ventilated patients with ischaemic heart disease scheduled for coronary artery bypass graft (CABG) surgery.
Patients and methods

STUDY POPULATION
The present study comprised two groups: (i) a group of all patients with ischaemic heart disease being treated in the Department of Anaesthesiology, Intensive Care and Pain Management, University Medical Centre Maribor, Maribor, Slovenia, who were scheduled for elective CABG surgery and had an ejection fraction > 40%; and (ii) a group of healthy volunteers made up of friends and family members of the first author (N.Z.). The CABG group of patients excluded those with valvular pathology and the group of healthy volunteers only included those who were categorized as status 1 or 2 according to the American Society of Anesthesiologists (ASA) Physical Status Classification System. 6 All participants were enrolled into the study between November 2006 and June 2007 and agreed by written informed consent to be included. Ethical approval for the study was obtained from the National Medical Ethics Committee of Slovenia, Ljubljana, Slovenia.
STUDY PROCEDURES
Anaesthetized CABG surgery group
The patients scheduled for elective CABG surgery had an ejection fraction of > 40% and were anaesthetized and mechanically ventilated before being placed in the Trendelenburg position. Anaesthesia was induced with propofol (2 mg/kg), fentanyl (5 µg/kg) and pancuronium (0.1 mg/kg). After orotracheal intubation, the patients were ventilated with a 50% mixture of oxygen and air to maintain end-tidal carbon dioxide between 4 and 4.5 kPa. Propofol (6 mg/kg per h) and fentanyl (10 -20 µg/kg) were used for the maintenance of anaesthesia. After the induction of anaesthesia, a 7.5-F pulmonary artery catheter (AH-05050-G; Arrow International Inc., Reading, PA, USA) was inserted via an 8.5-F introducer sheath (SI-09880; Arrow International) placed in the right internal jugular vein.
Before the skin incision, baseline haemodynamic measurements were performed in the horizontal position, including: heart rate, invasive mean arterial pressure (MAP) and cardiac output. After the baseline measurements, the patients were placed in the Trendelenburg position (20°h ead-down position). After 5 min, allowing time for haemodynamic stabilization, heart rate, MAP and cardiac output were measured. The patients were returned to the horizontal position and, after a 5-min haemodynamic stabilization period, heart rate, MAP and cardiac output were again measured. The cardiac output measurements were performed by triple bolus injection of 10 ml 0.9% saline at room temperature (20 -25°C) into the right atrium and a thermistor at the tip of the pulmonary artery catheter was used to measure temperature changes. Cardiac output was calculated by analysing the thermodilution curve using the Stewart Hamilton equation and a Marquette cardiac output computer (Solar ® 8000M; GE Healthcare Biosciences, Piscataway, NJ, USA). The saline injections were spread randomly over the respiratory cycle. Each value represented the mean of three measurements. If the difference between consecutive cardiac output measurements was > 1 l/min, the measurement was repeated.
Healthy volunteer group
The procedures carried out in the group of N Zorko, D Mekiš, M Kamenik Haemodynamic changes in the Trendelenburg position healthy volunteers were identical to those described for the CABG surgery group, with the following two exceptions: (i) instead of being anaesthetized and mechanically ventilated before being placed in the Trendelenburg position the group of healthy volunteers were placed in the Trendelenburg position whilst breathing spontaneously; (ii) cardiac output was measured with the noninvasive Aesculon ® cardiovascular monitor (Osypka Medical, Berlin, Germany), which is based on impedance cardiography, rather than by using a pulmonary artery catheter because of ethical considerations as the volunteers were healthy adults of ASA status 1 or 2.
STATISTICAL ANALYSES
The mean ± SD of the data were calculated. Demographic data and baseline values were compared with one-way analysis of variance and the χ 2 test where appropriate. The analysis of variance and t-test for paired samples were performed for comparison of data between the two groups. Statistical analyses were carried out using the SPSS ® statistical package, version 12.0 (SPSS Inc., Chicago, IL, USA) for Windows ® . A P-value < 0.05 was considered statistically significant.
Results
In total, 10 patients scheduled for elective CABG surgery were anaesthetized and 10 healthy non-anaesthetized volunteers were included in the study; their baseline demographic data are summarized in Table  1 . The healthy volunteers were significantly younger than the group of anaesthetized CABG patients (P < 0.05). The majority of the anaesthetized CABG surgery patients were receiving β-blockers, angiotensin-converting enzyme inhibitors or hypolipaemics as part of their therapy.
There were no statistically significant differences in baseline MAP and HR measurements in the horizontal position between the two groups ( Table 2) . Cardiac output was significantly lower in the anaesthetized CABG surgery group of patients compared with the nonanaesthetized healthy volunteers (P < 0.05).
Displacement of the anaesthetized CABG surgery patients from the horizontal to the Trendelenburg position caused a nonsignificant decrease in heart rate and a significant (P < 0.05) increase in MAP and cardiac output ( Table 2 ). Displacement of the non-anaesthetized healthy volunteers from the horizontal to the Trendelenburg position caused a significant increase in heart rate (P < 0.05), a non-significant increase in MAP and a non-significant decrease in cardiac output ( Table 2 ). Displacement of healthy volunteers from the Trendelenburg position back to the horizontal position caused a nonsignificant decrease in MAP and heart rate, and a non-significant increase in cardiac output ( Table 2 ).
Discussion
The present study evaluated the influence of the Trendelenburg position on haemodynamics in healthy non-anaesthetized volunteers breathing spontaneously and in anaesthetized, mechanically ventilated patients scheduled for CABG surgery. There were no statistically significant differences in the demographic data between the two groups, except that the volunteers were significantly younger than the patients scheduled for CABG surgery.
There were no statistically significant changes in MAP and cardiac output in the group of non-anaesthetized healthy volunteers during the postural changes, whereas heart rate increased significantly after placing them in the Trendelenburg position. After placing the healthy volunteers back in the horizontal position, the heart rate decreased. Terai et al. 7 showed in their study on healthy volunteers that, using a slight Trendelenburg position, produced only a transient autotransfusion effect in normovolaemic patients. Van Lieshaut et al. 8 studied the effect of the headup and head-down tilt in nine healthy volunteers on stroke volume and thoracic fluid content and concluded that HR, MAP, central venous pressure, stroke volume, cardiac output and thoracic fluid content did not change significantly during the headdown tilt. The present study was in accordance with their findings.
The baseline values of cardiac output and heart rate in the horizontal position were lower in the anaesthetized patients scheduled for CABG surgery than in the Data presented as mean ± SD. a P < 0.05 versus the baseline horizontal position (within-group comparison); b P < 0.05 versus the 20° headdown position (within-group comparison); c P < 0.05 for anaesthetized CABG surgery patients versus nonanaesthetized healthy volunteers (between-group comparison); analysis of variance for repeated measurements and paired samples t-test.
TABLE 2:
Haemodynamic parameters for anaesthetized patients scheduled for coronary artery bypass graft (CABG) surgery compared with non-anaesthetized healthy volunteers when placed in different positions Haemodynamic changes in the Trendelenburg position non-anaesthetized healthy volunteers. This can be explained by the effects of anaesthesia, ischaemic heart disease and concurrent medication taken by the patients (especially β-blockers), although some differences in the measurement techniques cannot be completely excluded. In the group of patients scheduled for CABG surgery, MAP and cardiac output increased significantly when they were placed in the 20° Trendelenburg position, whereas the HR decreased, although not significantly. Gentili et al. 9 studied the cardiopulmonary effects of the head-down tilt position in elderly postoperative patients and concluded that the head-down tilt position resulted in a significant increase in MAP and cardiac index, as well as wedge pressure, left ventricle stroke work index, central venous pressure and right ventricle stroke work index. Anzai and Nishikawa 10 studied the effect of a 10º tilt of the operating table on haemodynamic parameters before and after spinal anaesthesia. They concluded that a 10°h ead-down tilt of the operating table resulted in increased cardiac output, decreased systemic vascular resistance, increased systolic arterial pressure and increased central venous pressure. 10 Rex et al. 11 studied the influence of the 30°T rendelenburg position on haemodynamics in 14 mechanically ventilated patients undergoing CABG surgery and found that cardiac index, central venous pressure and pulmonary artery occlusion pressure increased significantly. The results of the present study are in accordance with their findings.
Russo et al. 12 also reported increased cardiac output and left ventricular enddiastolic volume in anaesthetized mechanically ventilated patients undergoing laparoscopic hysterectomy in the Trendelenburg position. In contrast, the present study did not demonstrate any beneficial effect of the Trendelenburg position on haemodynamics in the group of healthy volunteers. Bundgaar-Nielsen et al. 13 studied the effect of the maximum (90°) head-up and head-down tilt on haemodynamics in healthy resting volunteers. They found that neither cardiac output nor stroke volume changed during head-down tilt up to 70°. Only after tilting the volunteers by > 70° did stroke volume and cardiac output start to change. 13 Zorko et al. 14 studied the effect of the Trendelenburg position, lactated Ringer's solution and 6% hydroxyethyl starch solution on cardiac output after spinal anaesthesia. Patients who were placed in the Trendelenburg position showed no increase in cardiac output after spinal anaesthesia while in the Trendelenburg position, however this position managed to prevent a decrease in cardiac output. 14 These results were in accordance with other published literature. 15 -18 We believe that one of the reasons for a lack of response of the circulatory system when healthy volunteers are in the Trendelenburg position is activation of the baroreceptor reflex. An increase in hydrostatic pressure in the baroreceptors results in a decrease in vasoconstriction and, therefore, a decrease in blood pressure, which was not significant in the present study since the heart rate of the volunteers increased significantly. This increase was probably caused by the head-down tilt manoeuvre. The patients scheduled for CABG surgery were anaesthetized and, therefore, their baroreceptor reflex was blunted, so the circulatory system did not respond with a change in baroreceptor activity but only with a significant increase in cardiac output and, consequently, also a significant increase in MAP.
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In conclusion, the present study demonstrated that placing anaesthetized patients scheduled for CABG surgery in the Trendelenburg position resulted in a significant increase in cardiac output and MAP, but the same was not true for nonanaesthetized healthy volunteers where both cardiac output and MAP changed only slightly. Further studies will be needed to evaluate the haemodynamics of the Trendelenburg position in different patient groups.
